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Abstract

Thi s paper studies an econony in which producers incur resource
costs to replace depreci ated machi nes. The process of costly
repl acenent and depreciation creates endogenous fluctuations in
productivity, enploynent and output of a single producer. W

al so explore the spillover effects of machine repl acenent on

ot her sectors of the econony and provide conditions for
synchroni zed nmachi ne repl acenent by nmultiple, independent
producers. The inplications of our nodel are generally

consi stent with observed nonthly output, enploynent and
productivity fluctuations in autonobile plants. Synchronization
of retooling across plants within the auto industry is w despread
so that the fluctuations observed at the plant |evel have
aggregate inplications.

Keywords: retooling, productivity, seasonal cycles.



Thi s paper investigates the aggregate inplications of a non-
convexity in technology: the firms choice of technique. In
particul ar, we study a machi ne replacenent problemin which a
firmmust decide whether or not to install a new machine or
continue to produce with an ol der, depreciated machine. W first
characterize the solution to this problemfor a single agent and
then study the spillover effects of machine replacenent on other
aspects of economc activity. The paper concludes with extensive
enpirical evidence on nmachi ne repl acenent by autonobile producers
and its inplications for nonthly fluctuations in production,
enpl oynent and productivity in manufacturing. For the nost part,
our anal ysis concerns seasonal fluctuations though the work is
suggestive for business cycles as well.?

I n general, the point of introducing non-convexities into
macr oeconom ¢ nodels is two-fold. First, in order to induce the
| arge fluctuations in economc activity observed in the data,
macr oeconom sts often study stochastic nodels in which shocks to
t he environnent induce variations in output and enpl oynent
t hrough intertenporal substitution effects. Non-convex econom es
present an alternative in that endogenous fluctuations may energe
in these environments.? Second, nodels w th non-convexities can
exacerbate the influence of shocks so that nore of the variation
in economc activity is explained wwthin the nodel. In
particular, small variations in exogenous variables may generate
| ar ge responses in endogenous vari abl es.
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Here we consider the aggregate inplications of the decision
by a firmregarding the replacenent of its machine: i.e. the
machi ne repl acenent problem In general, consider a firmfor
whi ch the productivity of capital falls over tine due to
depreciation.® At any point intime, the firmcan replace its
capital with a new machine that is of current vintage. W view
this as a discrete decision, replace or not, and one that has a
resource cost.* In particular, our specification highlights the
| umpy nature of the investnent process stenmng froma non-
convexity in the adjustnent process. Machine repl acenent
naturally creates endogenous fluctuations in output which are
positively correlated with productivity so that exogenous
productivity shocks, as in a seasonal version of Finn Kydland and
Edward Prescott [1982] for exanple, are not necessary to generate
this positive correl ation.

Section | presents our analysis of the Robinson Crusoe
problemfor this environnment. Here we focus on the predictions
of this nodel for enploynent, output and productivity. Section
Il considers the effects of shocks on the timng of machine
replacenent. We find that machine replacenent is nore |ikely
when | abor productivity is lowor leisure is nore valuable since
the resource costs of replacing machines is less than if the
machi nes are replaced in other tines. This result highlights the
potential |ink between seasonal fluctuations generated by nmachine
repl acenent and the business cycle. Section Ill enbeds this
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choice probleminto a nulti-sector general equilibriumnodel to
illustrate the spillover effects of nmachine replacenent on ot her
sectors. In this section, we provide conditions under which
firme will have an incentive to synchronize machi ne repl acenent
so that this discrete decision is not snoothed by aggregation.
Finally, enpirical evidence on the inportance of machine
repl acenent and other discrete activities is provided in Section
V. Qur focus in the enpirical analysis is the retooling/design
cycle in the autonobile industry. Sidney Fine [1963, page 5]
descri bes the annual retooling in the auto industry as foll ows:
"When the |ine was stopped at the end of the nodel run,
the bul k of the production force would be laid off, new
machi nery woul d be installed, new dies noved into
pl ace, and the assenbly |line rearranged for the
production of the new nodel."
Thi s description nmatches the focus of our theoretical nodel. W
begin our enpirical analysis by |ooking at plant |evel data for
sone U.S. autonobile manufactures for 1978-85. Anong ot her
t hi ngs, these plants exhibit dramatic seasonal fluctuations in
production i nduced by machi ne replacenent. Further, machine
repl acenent (or retooling) is synchronized in the sumer nonths
during the 1978-85 period. This synchronization, as well as a
positive correl ati on between recessions and variations in
enpl oynent for retoolings, is confirmed by an investigation of

gross job creation and destruction in the auto industry using the

Longi tudi nal Research Database. In addition, the intervention in



the timng of nodel changeover by the Roosevelt Adm nistration in
1935 provides a natural experinent for identifying the inpact of
machi ne repl acenent on seasonal fluctuations in output and
productivity. W also relate the enpirical findings of Joseph
Beaul i eu and Jeffrey Mron [1990] on the seasonal patterns of
production throughout manufacturing to the spillover inplications
of our nodel .

| . Machi ne Repl acenent for Robi nson Crusoe

We begin our analysis of the nmachine repl acenent problem
(MRP) by considering the dynam c choi ce problemof a single
producer, Robinson Crusoe (RC). This agent lives forever;
consum ng and producing in each period of life. Period t utility
is given by u(c,) - g(n,) where c, is period t consunption and n,
is period t |abor supply. Assune that u(-) is continuously
differentiable, strictly increasing and strictly concave and t hat
g(-) is continuously differentiable, strictly increasing and
strictly convex. Further, assune u(0)=g(0)=0 and that
u (0)>g'(0). RCis endowed with a unit of leisure tinme so n#1
for all t and discounts the future at rate $,(0, 1].

In each period, output, y,, is produced from|l abor according
to a linear technol ogy of y,=z,2,n,, where 2, i ndexes the current
state of technology and z,,{k, 1} is an index of nachine
repl acenent. As discussed below, z, =1 will indicate that
machi ne repl acenent is not occurring and z,=k<1 indi cates nachi ne
replacenent in period t. Average |abor productivity is thus
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equal to 2, when machi nes are not being replaced and equal s k2,
during replacenent. Initially, we assume output cannot be stored
so that c,=y,. W discuss the inplications of allow ng storage
bel ow.

The key to the specification of technology is the

determ nation of 2,. |In each period, RC chooses whether or not
to replace his machine. |If RC chooses to replace the machine in
period t, then Zpﬂ:Q. | f RC chooses not to replace the machi ne,

t hen 2,,,=D2, where D,(0,1). This specification reflects the

i mportance of capital depreciation, given by D. The process of
replacenent may include in it the production of the capital good
and its installation. The cost of replacenent is the reduction
in the total and margi nal product of |abor during the replacenent
process.® The nmagnitude of this effect is deternmined by k. The
one period lag in the replacenent process contains both atine to
buil d conmponent and a tine delay due to installation.

We al so have assuned that in the event a machine is
replaced, its productivity is independent of tinme -- there is no
t echnol ogi cal advance in this nodel. One could augnment the nodel
to allow the productivity of a new machine to grow with tine.
That is, suppose 2,=02,, where 0>1 is the rate of technol ogica
progress and ?t is the productivity of a new period t machi ne.
Further, one m ght argue that as the productivity of the new

machi nes increase, the cost of installation mght increase as



wel | due to higher costs of producing and installing (including
wor ker training) the new machi nes.

The cost of replacing the nachine is nodeled as a shift in
the technol ogy for produci ng consunption goods. This
specification is intended to reflect the congestion effects of
repl aci ng machi nes on the production process and inplies that, at
the margin, producing nore output is costlier when a machine is
being replaced. Qur point is to nodel the phenonenon that
machi ne repl acenent increases cost so that production is | ower
during retooling periods.

Gven this structure, the optim zation problemof RCis

(1) max ;o Bt [u(c,) -g(n,)]
{n},{z,
s.t.:
(1.a) c.~znb0,, ze{k, 1}, el-é and

P6,., if z ;-1

(1.b) 0,
“| 6 if z,_-k.

Denote the productivity of this period s nachine, the state
variable, by 2. |If RCinnovates, then his utility fromthis

period onward is given by

(2) vI(0) - WI(B)+BV(6) where

(3) w*(®)-max, u(nk®) - g(n).



So the value of innovating is given by the current utility from
producing with a machine of productivity 2 given that the firm
is replacing so that productivity is reduced by a factor of K.
This current utility is given by W(2). Let n'(2) be the optim
val ue of | abor input when RC i nnovates and the state of
productivity is 2. Once a machine is replaced, then RC s
capital in the follow ng period has productivity of 2 . The
val ue of that machine is given by V(Q). The function V(-) is
defined bel ow.

| f RC does not innovate, then his utility is given by

(4) vY¥(e) - wY(8) - BV(pO) where

(5) W¥(8) - max, u(nd) - g(n).

Here W(2) is the utility from producing with a nachi ne of
productivity 2 when the machine is not being replaced. Let nY(2)
be the optimal value of l[abor input in the optimzation problem
given by (5. As we assunme u'(0)>g' (0), ni(2)>0 for 2>0 for
j=I,N. Since u(-) and g(-) are assuned to be continuous, ni(2) is
continuous and so will be W(2) by the maxi numtheoremfor j=I,N.
Finally, V(2) = max {V'(2),V(2)}. Note that both V'(2) and
W(2) are strictly increasing functions of 2 since W(2) is
increasing in 2 for j=I,N. Therefore V(2) is strictly

increasing in 2.



In each period, RC decides whether to replace or not by
conparing the val ue of replacenent with the value of continuing
with the depreciated machine in the follow ng period. W now
consi der sone properties of the solution to this problem The
proofs for all results are available in an Appendix to this

paper .

Lemma 1: If cu'(c) is an increasing function of ¢, then an

increase in 2 increases current utility nore when the nmachine is

not being replaced than when it is being repl aced.

This result is a direct consequence of the | oss of
productivity during the replacenent process. Since RC produces
| ess when a nachine is being replaced, the gain froman increase
in 2is lower. The assunption that cu'(c) is an increasing
function of c is arestriction on the curvature of u(-) needed to
ensure that incone effects do not dom nate substitution effects.

W maintain this assunption throughout the analysis.

Lemma 2: dWW(2)/d2 > dV'(2)/d2 for all 2

Lenma 2 inplies that, as a function of 2, W(2) is steeper
than V(2) for all values of 2. This is an inportant property in
terns of characterizing the value function V(2) and hence the
deci sion of RC on whether or not to replace the machine. The
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solution to Robinson Crusoe's optim zation problemis

characterized by,*®

Proposition 1: |If D is sufficiently close to 1, then there

exists a critical level of 2, 2°,(0,2), such that RC repl aces the

machi ne i ff 2#2".

Foll ow ng a period of machi ne replacenent, the technol ogy
paranmeter will decrease at a rate determined by D until 2#2".
Then machi ne repl acenent will occur and 2 will be increased to
2. lgnoring integer problens, the number of periods between
repl acenent is given by the T* solving 2*=D"2.

From W{(2), as given in (5), during the period between
machi ne repl acenents, the level of enploynment will fall since
n2) is increasing in 2. 1In fact, in the period of replacenent,
enpl oynment in the production of the consunption good will be at
its lowest |evel both because 2 is at its mnimm and because
productivity is reduced by the congestion effects of the
repl acenent process. In sone cases, as with autonobile plants,
the replacenent of machines requires that a plant shut down its
operations. This could be nodel ed by assum ng that k=0 so that
productivity falls to zero during the replacenent process.

Thi s nodel generates a positive correlation between
enpl oynent and | abor productivity. |In contrast to Kydl and-
Prescott [1982], these fluctuations are not driven by exogenous

9



technol ogi cal change. Instead the productivity variations arise
quite naturally through the process of replacing nachines. The
inplied frequency of output and productivity fluctuations is
dictated by the paraneters of the nodel. |In practice, in the
auto industry (for exanple) nmachine replacenent occurs on an
annual cycle with resulting seasonal fluctuations (see Section IV
for further discussion).

Wth regard to enpl oynent and out put fluctuations at the

time of replacenent, we find that

Lemma 3: nN( 2/ D) >nN2")>n'(2").

Lenrma 3 inplies that enploynent in producing the final good is
| ower in the period of replacenent than in the period just prior
to replacenent (nN2/D)>n'(2)). O course, the nodel overstates
t hese enpl oynent effects sonmewhat since there are no | abor
resources devoted to the replacenent process. |f |abor was
required in the replacenent process, then during the period of
repl acenent there would be a shift in enploynent from production
of consuner goods to the installation of new capital. The
results of Lemma 3 will hold as | ong as the repl acenent process
is not very |abor intensive.

In the nodel, consunption fluctuates along w th output since
goods are not storable. The assunption of no inventories
sinplifies the analysis since we do not have to be concerned with
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two state variables. Wile we have not formally characterized
the solution with inventories, our analysis of inventories in a
general setting of non-convexities in the production technol ogy
(see Cooper-Haltiwanger [1992a]) suggests that the qualitative
results of our analysis would carry through. The optinmal policy
woul d be to replace machines every T periods where D and k woul d
be, as before, critical determnants of T. Inventories would be
hel d between periods of replacenent to snooth consunption
relative to production. In particular, between repl acenent
periods the path of consunption would be characterized by the
Eul er condition: u'(c,) = $(1-*)u' (c,,;), Where * is the rate of
depreciation on inventories. Therefore, production snoothing
woul d not be observed in this econony so that the variance of
producti on woul d exceed that of sales. Further, the positive
correl ation between | abor input and productivity found for the
nodel w thout inventories would carry over to this setting. 1In
sum incorporating storage would sever the tight connection

bet ween consunpti on and out put but woul d not change the
qualitative inplications for output, enploynent, and
productivity.

Wil e we have stressed the effects of nachine replacenent on
productivity, replacenent for changes in variety are probably
inportant as well, particularly for the autonobile sector studied
in Section IV. 1In fact, as shown in Cooper-Haltiwanger [1992b],
it is relatively straightforward to use the nodel to generate
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product cycles. In fact, in light of costs of shutdown and
startup costs, there is an incentive for these two types of
retoolings to be bunched.

We now consi der extensions of the nodel in three inportant
directions. First, we allow for shocks in the nodel to
understand the rel ati onship between the timng of the nachine
repl acenent and aggregate economc activity. Second, we eval uate
the inplications of the machi ne repl acenent problem for other
sectors of the econony; i.e. we |look at the spillover effects
associated with this process and the timng of machine
repl acenent when there are nultiple producers. Finally, we | ook
at the interaction of nultiple producers solving the machi ne

repl acenent probl em

1. Machi ne Repl acenent and Shocks

W introduce exogenous fluctuations in this econony by
i ncorporating taste and technol ogy shocks into the single agent
problem The point is to understand how t he deci sion on nmachi ne
repl acenent at the firmlevel is influenced by the state of the
aggregat e econony, represented by these shocks. In particular,

let periodt utility be given by ",u(c,) - g(n) and let period t
production be given by y, = z,2,8,n,, where ", and 8, are iid
shocks to the marginal rate of substitution between consunption

and leisure and the technol ogy, respectively.
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Denote ' as the current period realization of the taste

shock, and 8 the current period realization of the technol ogy

shock. [|If RC innovates, then his utility fromthis period onward
IS given by:

(6) vi(e) - wI(6)+BEV(6) where

(7) W*(0) - max, aqu(nkoA) - g(n)

and E is the expectational operator. Simlarly, if RC does not

innovate then his utility is given by:

(8) v¥(e) - wV(8) + BEV(pB) where

(9) wY(0) - max, au(nbl) - g(n).

As before, V(2)

max {V'(2),V(2)}. Under this specification,
t he anal ogues of Lemmas 1 and 2 and Proposition 1 hold.
The issue of interest is howthe critical level of 2 is

affected by the realizations "™ and 8. At the optinmm

dVN

dVI
- u(kbAn’(6)) and v - u(ean®(6)).

As shown in Lenma 1, n'(2) < n™(2). Thus dV'(2)/d" < dV(2)/d"
si nce k<1.
Since machi ne repl acenent inplies sonme | oss of current

production, machine replacenent is nost |likely to occur during
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periods of low marginal utility. So 2" is a decreasing function

of

Now consi der technol ogy shocks. At the optinmm

I N
‘g\ - o' (kOAnT(0)) kBn1(6) and % ' (6AnY(6)) 6n¥(0) .

G ven that substitution effects doninate, then, since n'(2) <
n“(2) and k<1, dV'(2)/d8 < dVW(2)/d8. This inplies that the
higher is 8 the less likely RCwill innovate in the current
period. The intuition for this result is simlar to that for
taste shocks. High realizations of 8 indicate periods of high
productivity and since machi ne repl acenent essentially requires
sonme down tine, this indicates that nmachine replacenent will be
nore likely in low productivity periods. Therefore, 2" is also a
decreasi ng function of 8.

These result identify the |link between machi ne repl acenent
and current demand and cost conditions. Qur analysis of iid
shocks reveal s that machi ne replacenent is nost likely in periods
of low marginal utility of consunption, high marginal utility of
| ei sure and/or low realized productivity. This suggests an
i nteresting covari ance between out put and productivity
fluctuati ons endogenously i nduced by machi ne repl acenent and
out put and productivity fluctuations exogenously generated by
demand and cost shocks. This covariance inplies a potential |ink
bet ween seasonal fluctuations endogenously generated by machine
repl acenent and the stage of the business cycle. Viewed from
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this perspective, the machi ne repl acenent process acts as a
potentially inportant propagation nechanismfor adverse busi ness
cycl e shocks.” This covariance involves testable inplications
regarding the timng of nmachine replacenent. W return to this
point in Section |IV.

Allowing for inventory holding would mtigate the
sensitivity of machine replacenent to current demand conditions
and exacerbate the sensitivity to current cost conditions.
| nventories permt consunption snoothing in response to
variations in tastes and facilitate production cost snoothing in
response to cost variation. As noted by Martin E chenbaum
[ 1989], production cost snmoothing inplies that the timng of
machi ne repl acenment woul d be even nore sensitive to current cost
conditions. However, as long as inventory holding costs are
present, the qualitative effects descri bed above would hold for
bot h demand and cost variation.

The general principle that enmerges is that replacenent
shoul d occur when the productivity of |abor is |ow and/or the
value of leisure is high but the new machi ne should be in
operation during periods of high productivity. For the iid case,
t he second effect is independent of the current state, (', 8), so
that only the opportunity cost effect is operative. Suppose
t hough, that productivity followed a determ nistic cyclical
pattern. In that case, it is easy to see that replacenent would
occur at the end of the downturn when the opportunity cost of
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| abor was | ow and the new machi nes woul d be operative at the
start of the period of high productivity.

Thi s di scussi on enphasi zes the interacti on between the state
of the econony and the retooling decision through productivity
| oss during machine replacenent. In nore general nodels, other
I i nks between the replacenent decision and the state of the
aggregate econony may energe. For instance, suppose that firns
could hold inventories and that plants were often shutdown for
periods of time due to excessive inventory accunul ation.

Furt her, suppose that shutting down and restarting plants
entailed fixed costs. In this case, there is an incentive for
firms to "bunch" shutdowns for retoolings with shutdowns for

i nventory adjustnent during periods of |ow sales. As we shall
see later, this is particularly relevant for autonobile

producers.

I11. Decentralized Solution with Demand Li nkages

In this section of the paper, we consider nachine
replacenment in a nmulti-sector setting to investigate spillover
across sectors and incentives for synchronization wthin sectors.
These spillover effects are inportant because not all production
activities are best described by the machi ne repl acenent probl em
and yet, as discussed further in our presentation of enpirical
evidence in Section IV, Beaulieu-Mron [1990] find that
production in the entire manufacturing sector displays simlar

16



mont hly variations as does the autonobile sector. Further, the
interactions of producers within a sector are inportant since we
observe, for exanple, the synchroni zation of retooling anong

aut onobi | e producers.

As a historical note on the inportance of spillovers and
synchroni zati on, there was an effort in 1934 to shift the new
nodel year of the autonobile manufacturers. The spillover
effects fromthis are described by Charles Roos ([1937], p.468),
who was the Director of Research at the Cow es Conm ssion and
formerly the Director of Research for the National Recovery
Adm ni stration, as:

"Late in 1934 autonobil e manufacturers reached an

agreenent to introduce the 1935 new nodels in Cctober

i nstead of Decenber so as to separate the new nodel and

spring demand and nmake possi bl e steadi er operation.

Sinple as the planis, its effects should be trenendous

-- reqgul arization of enploynent in the autonpbile

industry and to a | esser extent in steel, |unber and

allied industries, and, as may readily be verified by

existing statistics, intensification of seasonal demand

for transportation. Mdreover, w thout any additi onal
capital outlay, productive capacities of the autonpbile

and steel industries will be increased, demand for
housing in Detroit, Flint and ot her autonobile-
manufacturing towns will be regularized and bank

deposits throughout the country be changed seasonally.
Al so, farm workers, who have been accustoned to finding
wi nter enploynent in the autonobile industry, will have
to | ook el sewhere. But despite all these economc
changes, the net effect on the national econony should
be beneficial."

A. Spillovers with a Single Producer

Suppose there is a single producer that sells good 1 and
consunes good 2. Denote by u(Y,) - g(n,) the payoff to the
17



monopolist in periodt where Y, is the |level of consunption of

t he good produced in sector 2 and n, is the level of work in
period t. The function u(-) is assuned to be increasing and
strictly concave while the disutility of work, g(:-), is a
strictly increasing and strictly convex function of n,. The
nmonopol i st lives forever and discounts future utility at rate [.
Assune that the good produced by the nonopolist can not be held
in inventory.

The technol ogy for producing good 1 is simlar to that
studied in the previous section of this paper. The production
function for period t is given by g,=z,2,n,. In this
specification, 2, equals 2 if the machine was repl aced | ast
period (z,.,=k) and equals D2, , otherw se (z,,=1), where D,(0, 1)
represents the rate of depreciation of the technology. As
bef ore, machi ne repl acenent reduces |abor productivity as k<1.

Good 2 is produced by a large group of price taking agents
who live for only a single period and only consune good 1.8 Good
2 is not inventoriable and can be thought of as a service. For
sinplicity, assune there is a single, conpetitive sector 2
producer. The producer's preferences are given by v(q? - h(y,)
where qd is the period t consunption of good 1 by the conpetitive
agent and y, is the output of good 2. Assune that v(:) is
strictly increasing and strictly concave, cv'(c) is increasing in
c and h(-) is strictly increasing and strictly convex. Using the
budget constraint for this agent, he chooses y, to nmaxim ze
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v(y,/p;) - h(y,). Inplicitly this yields y'(p,) as the supply
function for sector 2 output which, by our assunptions, will be a
decreasing function of p.

The nonopol i st chooses {z,, p;} for t=0,1,2,... to maxim ze

Y Bt luly'(p)) - glg (p)/(6,2,))]
t=0

where 2,=2 if z,,=k and 2,=D 2,, if 2z, ,=1. In this objective
function, y'(p,) is the supply of the conpetitive firmand q'(p,) is
the nonopolist's output. Since the nonopolist neets demand
forthcomng at the announced price, the nonopolist nust supply
qg(p,)/(2,z,) units of time to the production of goods. The solution

to the nonopolist's choice of machine replacenent is given by

Proposition 3 If the elasticity of demand for good 1 is non-

increasing in p and D is close to 1, then there will exist a
critical 2, 2°, such that the nonopolist will replace the nachine
iff 2#2°.

This result corresponds to that for the Robinson Crusoe
econony in terns of existence of replacenent cycles. Mor eover,
machi ne replacenent by the nonopolist spills over to other
activities in the econony through final demand |inkages. Between
peri ods of machine replacenent, nmarginal cost increases since 2
falls. As long as marginal revenue is increasing in price
(decreasing in quantity), this increase in marginal cost will inply
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that prices will rise over tine. Since output of the conpetitive
sector is a decreasing function of the price set by the nonopolist,
as 2, rises output of the conpetitive good and demand for the
monopoly good will both fall. In this way, both sectors of the
econony nove together. Machi ne repl acenent creates congestion
effects and thus higher marginal costs of production for the
monopolist. This, in turn, induces conpetitive firnms to reduce
their output as well. In the period follow ng replacenent, there
is a boost of productivity for the nonopolist which leads to a
price reduction: i.e. a sale. This sale induces an increase in
output within the conpetitive sector.

A potentially counterfactual inplication of this nodel is the
predi cted seasonal pattern of prices, particularly in light of
wel | -known end of nodel year sales and the evidence on prices
provi ded by Beaulieu-Mron [1990].° To the extent that there are
rel evant changes in the value of a product through the nodel year,
t he seasonal behavior of prices in our nodel would be nodified.
For exanple, in the autonobile industry, one could argue that there
is a premum paid for new nodels and that over the nodel year,
mar gi nal revenue shifts in along with nmarginal cost. Thi s
additional effect leads to anbiguity in the predictions of our
nodel for the seasonal behavior of prices though quantities across
sectors would still display positive covariance. '

There are a nunber of extensions of this structure worth
considering. First, here we have stressed final denmand |inkages
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between the sectors. In Cooper-Haltiwanger [1992a], we consi dered
factor demand |inkages as the basis for the co-novenent across
sectors. This nodel could be anended so that the nonopoli st
requires an input from conpetitive upstream producers |leading to
positively correl ated output novenents across sectors. Second, as
denonstrated i n Cooper-Hal tiwanger [1990a, 1992a], storability of
goods wi ||l weaken the contenporaneous spillover effects between
sectors linked by either final goods or factor demand |inkages. In
the current environnent, periods of machine replacenent would
coincide with less production of the good produced by the
nmonopol i st and, as long as there were sone costs to the hol di ng of
inventories, less output by the conpetitive producers. Athird
possi bl e extension would be to explicitly distinguish between the
demands of firnms and workers, as in Cooper-Haltiwanger [1990a]. In
this case, during periods of machi ne repl acenent, enploynent woul d
fall in sector 1, and the associated fall in |abor income would
i nduce workers in sector 1 to reduce their denmand for good 2. This
woul d reduce out put and enpl oynent in sector 2, which in turn woul d
feedback on the demand for goods produced by sector 1 output.
Overall, positive conovenent in enploynent and output across
sectors is possible without large fluctuations in relative prices.

B. Machi ne Repl acenent with Miltiple Producers

The previous section considered the spillover effects of
machi ne repl acenent by focusing on the interactions of a single,
non-convex firm on the remainder of the econony. This section
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focuses on the other dinension of nmultiple firnms: the case of
machi ne replacenment with nultiple producers each solving the
machi ne replacement problem This is inportant in that one m ght
presune that the non-convexities at the firmlevel may be nmuch | ess
i mportant as one aggregates. In fact, the snoothing by aggregation
argunments inplicit in general equilibriumnodels (e.g. Andreu Mas-
Colell [1977]) with indivisibilities and/or non-convexities in
preferences and technol ogy rests on the observation that an econony
with nmultiple agents sufficiently dispersed across indivisible
choi ces behaves very nmuch |i ke a convex econony. The key in those
results is the assunmed di spersion or, applying that argunent to our
nmodel , the assunmed staggering of discrete decisions over tine.
Here we consider two classes of argunents bearing on the issue of
timng of machine replacenment with nultiple producers.

One perspective on timng of discrete decisions, stressed in
the work by G useppe Bertola and Ricardo Caballero [1990], is that
t he degree of synchronization is influenced by the correlation in
t he shocks influencing the tastes and preferences of the agents.
In an econony in which there is no interaction between agents, so
t hat each individual solves an optimzation problem in which

payoffs are independent of the actions of others, synchronization

can still occur if shocks are highly correl ated. Consi der the
econony described in Section Il. |If there were nultiple producers
sol ving the machi ne repl acenent problemand their val ues of ", were

perfectly correlated, then clearly the entire econony would follow
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the solution of the representative agent. So, if July was a val ued
time for leisure by all agents, the nodel predicts that nachine
replacenent will take place in that nonth.

According to Cooper-Haltiwanger [1992a] the timng of discrete
decisions wll also depend on the nature of the strategic
interacti on between the agents. Those results can be extended to
the machine replacenent problem in that follow ng manner. Let
B(2,2') be the payoff to a single producer using a machine with
productivity 2 if all other firns in the econony produce using a
machi ne of productivity 2'. Assune that this econonmy is symetric
in that all firns have identical payoff functions. As we are
searching for conditions under which synchronization occurs, we
assunme that all other firnms are behaving in an identical manner.
The productivity of the machine is governed by (1.b) for each of
the firms in this econony. To focus on the issue of timng of
machi ne replacenent, assune that replacenent occurs every T
periods. The issue is then whether or not a single producer wll

synchroni ze repl acenent with other firnmns.

Proposition 3: If B,;,>0, then replacenent will be synchronized in

this econony.

This proposition rests on the condition that B;,>0, the
condition of strategic conplenentarities found in many
macr oeconom ¢ nodel s and enphasi zed by Russell Cooper and Andrew
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John [1988].%  Wien this condition holds, the value to a single
producer of increasing the productivity of his machine is higher
when others have nore productive machines. Cooper - Hal ti wanger
[ 1992b] anal yze a product cycle nodel in which producers are led to
synchronize the introduction of new nodels due to strategic
conplenentarities from a marketing externality. If the
i ntroduction of new nodels and new capital are bunched, as argued
earlier in this paper, then the marketing externality would inply
t he synchroni zati on of nmachi ne repl acenent.

The inportance of strategic interactions relative to the
correlation of shocks is relevant for understanding the
synchroni zati on of replacenent by autonobile manufacturers in July
(see Section 1V). If final demand |inkages are sufficiently strong
across producers so that strategic conplenentarities are
significant and/or there are significant non-convexities upstream
from the autonobile nmanufacturers, synchronization can energe
Alternatively, follow ng Bertol a-Caballero [1990], one m ght argue
that there are taste shocks for Septenber cars, rationalizing
repl acenent of machines in July with appropriate lags. O, one
m ght argue that July is a tine of valuable leisure so that
replacenment in that period is appropriate. These taste shock
expl anations of the timng of replacenment are consistent with the
nodel presented in Section Il of this paper. As Cooper-Haltiwanger

[ 1992b] argue, relying solely on the high value of leisure in July
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requi res an explanation of the fact that the shutdown for retooling

occurred in early winter during the 1920s and early 1930s.

| V. Evidence

Thi s section eval uates our theory using observations on the
autonobi |l e industry. This is an inportant industry to study since,
as denonstrated below, there are annual retoolings at both the
pl ant and the industry |l evel and the magnitude of the repl acenent
cycle is related to the business cycle. Qur data is froma nunber
of sources. W use nonthly plant |evel observations on output
obtai ned fromWard's Autonotive Reports (and rel ated publicati ons)
to study the replacenent cycle. The Longitudi nal Research Dat abase
(LRD) provides plant |level data on enploynent fluctuations on a
quarterly basis. Finally, we exam ne the seasonal patterns of
out put and productivity for the auto assenbly industry (SIC 3711)
for both the interwar and post WWII periods. [In presenting this
evidence, we evaluate 4 Kkey predictions in turn from our
t heoreti cal nodels.
A.  The process of nachine replacenent creates |unpy and positively

correlated fluctuations in output, enploynent and productivity at
the plant |evel.

To characterize the inportance of nachine replacenent for observed
fluctuations in output at the mcro-level, we exani ne the behavior of seven
autonobile plants in the United States for the period 1978-85 obtained from
Ward's Autonotive Reports.® The data provide information on nonthly production

sal es, the nunber of days the plant operated during the nmonth, the number of

25



shifts operating at the plant during the nonth, and the number of days that the
pl ant was shutdown for retooling.*® For the autonobile industry, the shutdown
of plants for retooling enables the producer to introduce new machi nes for the
production of a new design and, at the same tinme, to install nore productive
capital. Both of these activities are key elenments of our theoretical nodel.
Qur analysis of this data is based upon the follow ng accounting identity:
nmonthly production is equal to the product of: (i) the nunber of cars produced
per shift; (ii) the nunber of shifts per day; and (iii) the number of days the
pl ant operates during the nonth.** The nunber of days that the plant operates
can be further deconposed into the product of: (iv) the sumof the nunber of days
the plant operates and the nunber of days the plant is shutdown for retooling;
and (v) the ratio of the nunber of days of operation to the sum of days of
operation and the days shutdown for retooling. We interpret variations in
production driven by (v) as those associated with machi ne repl acenent.®®
Figure 1 plots actual nonthly production (PROD) and the inmplied nonthly
production when only days for machine replacenent ((v) in the above
deconposition)) is allowed to vary (PRODY) for two of the seven plants.®® The
typical pattern for each plant is relatively volatile production often
characterized by large, discrete changes. Strikingly, nmany of these discrete
changes are induced by machi ne repl acenent. The magnitude and duration of the
reduction in production due to machine replacenment varies considerably across
plants and tine. The tinming of machine replacenent is clearly concentrated in
the sunmer nonths. The magnitude of the production loss due to nachine
repl acenent in a particular nonth tends to be | arger when production in adjacent
nonths is low In particular, the magnitude and duration of the downturn in
production is especially pronounced during the business cycle slunp in 1982.
This evidence supports the argunents in Section Il discussing the potenti al
interaction between the fluctuations induced by nachi ne repl acenent and the stage

of the business cycle.

26



The evidence presented in Figure 1 clearly illustrates the |unpy production
changes i nduced by machine replacenent. Further, the concentration of machi ne
repl acenent in the summer nmonths indicates that the role of machine repl acement
in the observed high volatility of production is closely tied to seasonal
factors. To investigate this we estimted nonthly seasonal coefficients
(estimated via seasonal dummies as deviations from the mean) for nonthly
production (PROD), sales, and production allow ng only machine replacement to
vary (PRODY. Key results from this exercise are reported in Table 1 (the
coefficient estimates are reported in the working paper version of this paper
Cooper - Hal ti wanger [1990b]).

Several striking patterns emerge from Table 1. First, the reported R’s
i ndi cate that seasonal variation accounts for a sizeable fraction of the overal
variation in production, sales, and production variation induced by machine
repl acenent. Second, the seasonal variance ratio of PRODY and PROD reveal that
seasonal production variation induced by machi ne repl acement accounts for a | arge
fraction of overall seasonal variation in production. The average of this ratio
across the seven plants is 0.35. Third, for 5 of the 7 plants, the seasona
vari ance of production exceeds the seasonal variance of sales. At seasonal
frequenci es, these plants evidently do not exhibit production snoothing behavi or.
Si nce machi ne replacenment is an inportant factor generating seasonal variation
in production, the last two rows of Table 1 taken together suggest that machi ne
repl acement contributes to the fact that the seasonal variance of production
exceeds the seasonal variance of sales.

Rel ated evidence is provided in a recent paper by Tinothy Bresnahan and
Valerie Raney [1992]. |In a study of Ward's data on 50 Autonpbile plants for the
period 1972-84, they found that on average nmachi ne repl acenent accounted for 33%
of the total variation in days of operation of a plant.

To evaluate the inplications of machine replacenent for enploynent at the
plant level, we use the quarterly production worker data at the plant level from

the LRD for the period 1972:2 to 1988:4 to construct quarterly neasures of gross
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job creation and job destruction for the auto (SIC 3711) industry (see Steve
Davi s, John Hal tiwanger and Scott Schuh [1992] for further discussion of the data
and the methodol ogy for conputing gross enploynent flows). Job creation for
quarter t is the sumof all enploynent gains between t-1 and t at expandi ng and
new establishments in the industry. Simlarly, job destruction is the sumof all
enpl oynent | osses between t-1 and t at contracting and dyi ng establishments. To
express these nmeasures as rates, we divide by sector size which is neasured as
t he average of enployment in the sector in period t-1 and t.

Job creation and destruction rates for the auto industry are plotted in
Figure 2. Peaks and troughs are marked using the NBER Business Cycle reference
date chronology for later use. Several striking patterns are illustrated in
Figure 2. First, job destruction rates in the third quarter (May to August) are
systematically very large while corresponding job creation rates are quite | ow.
Third quarter job destruction rates average 16.5% while job creation rates
average only 4.7% Second, job creation rates in the fourth quarter (August to
Novenber) are very large while corresponding job destruction rates are |ow
Fourth quarter job creation rates average 17.9% while job destruction rates
average 4.3% The large third and fourth quarter nagnitudes nake clear the |arge
quantitative inmpact the retooling period has on enpl oynment.

VWi le we do not have direct evidence on productivity at the plant |evel
Anna Ai zcorbe [1990] provides data on autonobile plant |evel productivity for the
1978-1985 period. The data is nonthly and based upon a match of Ward's data with
BLS plant |evel data on enploynent. The enploynent data is the nunber of
producti on-wor ker enpl oyees for the pay period which includes the twelfth of each
nonth. Aizcorbe finds a positive correlation between |ine speed (the nunber of
cars produced each hour) and the ratio of line speed to enploynent for each of
the plants she considers (controlling for the nunber of shifts). In this
anal ysis, |line speed represents the naxi mal technically feasible output which can
be produced from the current technology. Two points about this evidence are

inportant for understanding its relevant inplications for this analysis. First,
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i ne speed changes are coincident with nodel year changes -- that is, |ine speed
only changes at the beginning of new nodel years. Second, Aizcorbe uses a
frontier production function approach and restricts attention to periods of
activity on the frontier. In this way, she is able to abstract from neasurenent
probl ems that might arise in sone nonths due to vacations and plant shut downs.
These points inply that the evidence on productivity from Aizcorbe provides
i nformati on about changes in productivity across nmodel years, not wthin nodel
years. G ven the coincidence of |inespeed changes and nodel changeovers, this
evi dence indicates that nodel year changeover does raise productivity across
nodel years which is consistent with our nodel.

It is interesting to note that replacenent cycles at the firmlevel are not
a recent phenormenon in the auto industry. In a study of General Mdtors during
the 1920s and 1930s, Anil Kashyap and David W/ cox [1990] discuss GMs attenpt
at production snmoothing given l|large seasonals in demand.'® An i nmportant
observation fromthat paper is the shutdowns for retoolings occurred annually
for GM during this period and contributed substantially to the variation in
production. As docurmented in Cooper-Haltiwanger [1992b], annual retoolings took

pl ace in nost other autonmobile plants as well.

B. To the extent that paraneter variations are commobn across agents
or the reduced form payoffs of these agents exhibit strategic
conplenmentarities, periods of machine replacenent by independent
producers will be synchroni zed.

Several pieces of information point towards synchronization of the
repl acenent cycle across autonobil e producers. First, the production data from
Ward's depicts a concentration of nachine replacenment in the sunmer nonths.
Usi ng the seasonal coefficients underlying Table 1, the average pairw se
correlation of the seasonal coefficients across plants is 0.47 for PROD and 0. 39
for PRODM Second, the separation of net flows into gross job creation and
destruction wusing the LRD data nmkes <clear that there is substantial
synchroni zation across plants in this retooling activity. |In other words, given

that alnost all plants retool each year, the dramatic seasonal pattern of gross
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job creation and destruction would not arise if machi ne repl acenent was staggered
across producers.

Third, the synchronization of plant |evel nachine replacenent manifests
itself in industry level fluctuations in production, enploynent and productivity
at seasonal frequencies. For this purpose, we exanm ne nonthly output and
productivity variation for the auto assenbly industry (SIC 3711) for both the
interwar and post WWII years. The interwar years are of particular interest for
this purpose since the timng of nodel changeover was changed as part of the
Nat i onal Industrial Recovery Act in an attenpt to stabilize enployment in the
aut onobil e industry. Prior to 1935, nodel changeover occurred i n Novenber and
December. After 1935, nodel changeover occurred in the |late summer and early
fall. This policy intervention provides a natural experiment for identifying the
i nfluence of machine replacenent on the seasonal patterns of production,
enpl oyment and productivity. We use this policy intervention below to help
discrimnate between alternative hypotheses for the observed seasonal
fluctuations.

For the post WNVII years (1958:1-1990:7), we estimate OLS regressions of
productivity and output growth on seasonal dummi es. For the interwar years,
(1923:1-39:12), we estimate OLS regressions on seasonal dunmies and seasonal
dummi es interacted with an NI RA dummy (defined as 1 after 1935:1). CQur findings
for output and average | abor productivity growth are summarized in Figure 3.%

For the post WWII period, we observe very | arge seasonal fluctuations in
productivity and output grow h. The largest fluctuations are the dramatic
decrease in productivity and output growth in July and August and the subsequent
dramatic increases in productivity and output growth in Septenber and Cctober.
There is also a large swing in productivity and output growh at the end and
begi nni ng of the cal endar year.

The large late sumrer, early fall swing is coincident with the nodel
changeover period and is consistent with the predictions of our nodel.

Alternatively, the large late sumer/early fall fluctuations in output and
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productivity could be driven by the decrease in output associated with sunmer
vacations and the acconpanyi ng decrease in productivity driven by either short
run increasing returns or the m smeasurenent of |abor associated with vacations
(i.e., the BLS establishnent survey enpl oynent nunbers we are using include al
workers on the payroll for the week in question including workers on vacation).
Some support for this hypothesis is present given the large fluctuations in
out put and productivity growth associated with the Christmas vacation peri od.
Under this alternative hypothesis, the timng of nodel changeover is coincident
with sumrer vacations (perhaps optinmally) but has little inmpact on output and
productivity grow h.

Two pi eces of evidence argue against this hypothesis. First, as is clear
fromthe plant |evel analysis above, much of the seasonal fluctuations in output
are in fact due to machine replacenent, i.e. fluctuations in PROD" contribute
significantly to fluctuations in autonobile output at the plant |level. Hence,
it is not the case that the output fluctuations are due to sunmer vacation
effects alone. Second, in terns of output and productivity, the evidence in the
interwar years provides a nmeans for distinguishing between the inpact of sunmer
vacations and nodel changeover. As noted above, the NIRA | egislated a change in
the timng of nodel changeover from winter to early fall. This provides a
nat ural experinment for identifying the inpact machine replacenment relative to
alternative factors such as sumer vacations on productivity and output
fluctuations. |In particular, the seasonal patterns of productivity and out put
growmh prior to 1935 during the sunmer and early fall should reflect the inpact
of summer vacations alone. As is clear from Figure 3, the pre N RA seasona
fluctuations in productivity and output growh show relatively nopdest
fluctuations in productivity and output growh in the sumer and early Fall
However, once the tim ng of the nmodel changeover was | egislated by the NIRA in
1935, productivity and output growmh fall dramatically in the late sumrer and
rise dramatically in the late Fall.® It is striking that the post WNI pattern

is essentially established starting with the 1935 intervention of the N RA
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There is a bit of a phase shift in the timng of nmachine replacenent in the the
late 1930's and the post WA I period. From 1935 to 1939, machi ne repl acement is
concentrated in Septenmber and COctober while in the post WANI era machine
repl acement is concentrated in July and August.? Further exami nation of the
NI RA intervention in terns of causes and consequences is provided in Cooper-
Hal ti wanger [ 1992b].

The evidence from the interwar years mmkes clear that summer vacations
alone are insufficient to explain the observed seasonal fluctuations in
productivity and output growh. The evidence clearly supports the hypothesis
that seasonal fluctuations in productivity and output growh are connected to the
timng of the nodel changeover. This does not rule out an inportant role for
other factors that may interact with the nodel changeover effect.? In
particul ar, during the nodel changeover period, both output and enpl oyment may
be m smeasured. Part of the output during the nodel changeover period is the
machi ne repl acenent process itself and part of the Iabor input at this tinme my
be associated with installing and | earning about the new production process. In
addi tion, workers may opt to take (or even be forced to take) their (paid)
vacations during the shutdown period due to nmachine replacenment and this would

generate additional m sneasurenment of the |abor input during these periods.

C. Machine replacenent is nost |likely to occur during downturns
where the resource cost of replacenent is |ower (due to | ow demand
and/or high value of leisure) and just prior to upturns where the
benefits of replacenent are higher.

Figure 1 suggests that the magnitude and the duration of the downturn in
production associated with retooling is larger in business cycle slunps. From
the Ward's plant |evel data, there is further evidence of a connection between
the replacenent and the business cycles. The correlation between nonthly
production and nmonthly sales is quite high for all seven plants (average
correlation 0.67). Variation in production due to machi ne repl acenent and sal es
is also positively correlated for all seven plants (average correlation 0.23):

machi ne repl acenent is typically schedul ed during periods of |ower than average
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sal es as suggested by our theoretical model. However, the tine series for which
we have consistent Ward's plant level data is quite short. This linmts nore
formal statistical analysis with the Ward's data. To further investigate the
i npact of machi ne repl acenment on plant |evel behavior, we also exam ne the plant
| evel data on enployment in the Longitudi nal Research Database (LRD).

A striking feature fromthe LRD, illustrated in Figure 2, is the extrenely
large rates of job destruction and creation in the autonobile sector during the
late 1970's and early 1980's. Over this period, the third quarter job
destruction rate and subsequent fourth quarter job creation rates were often over
30% This was obviously a time of trenendous restructuring and retooling in the
auto industry. Since this was a period of an aggregate slunp this suggests a
connection between the magni tude of restructuring and the state of the econony.

To formally investigate this connection, we consider a sinple enpirica
specification relating job creation and destruction rates to fixed quarterly
effects and quarterly effects interacted with business cycle indicators.® Using
NBER ref erence dates, the variable "recession" equals one in quarters for which
any part of the preceding three nmonths is associated with a recession. The
results fromthis exercise are reported in Table 2. Two columms report results
for autos only and the rightnmost two columms report results for the tota
manuf acturing sector for purposes of conparison. For autos, job destruction
rises significantly in all quarters during a recession. The magnitude of the
increase is actually largest in the first and second quarters but the quarter
with the |argest average job destruction rate during recessions is the third
quarter. In sharp contrast, job creation rates for autos are not systematically
related to the business cycle. This is an exanple of the results highlighted in
Davi s- Hal ti wanger [1990] which enphasized that job destruction is much nore
cyclically sensitive than job creation. This latter result is evident in the
colums for total manufacturing. It is interesting to note that, in the case
of autos, job destruction is not nore seasonally sensitive than job creation

though it is at the business cycle frequency.
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The relationship between job creation and the business cycle is less
systematic for autos than for total nmanufacturing. The reason for this |ess
systematic rel ati onship seens to be the nore pronounced seasonality in autos in
both job creation and destruction during the business cycle slunp in the early
1980s as seen in Figure 2. This episode works against the normal tendency for

job creation to decrease during business cycle slunps.

D. To the extent that other activities in the econony are
linked to those industries undertaking machi ne repl acenent (either
t hrough factor demand, final demand |inkages or thick market
effects), replacenent in one sector will spillover to others.

Evi dence on spillovers from nmachine replacenment is inplied by the evidence
in a study of seasonality of manufacturing by Beaulieu-Mron [1991]. They find
a strong decrease in activity throughout manufacturing during July. This is, of
course, frequently a period of machine replacenment for autonmobile plants.
Beaulieu-Mron note that one explanation of the finding is the presence of
synergies (strategic conplenentarities) that provide incentives for firms to
synchroni ze reductions in activity. |In Section Ill of this paper we find that
the spillover effects of machine replacenent can | ead other sectors to decrease
out put and enpl oynent during periods of replacenent. Beaulieu-Mron also note
that | abor productivity is positively correlated with output. This is also a
property of the nodel we described in this paper and is true for the autonobile
i ndustry too.

Beaulieu-Mron also report an expansionary phase in the Spring and a
reduction of output during Decenber. This was also true for our plant-level data
and is not predicted by our nodel given that we concentrate solely on the
repl acenent cycle. Finally, Beaulieu-Mron find that shipnments of machinery and
el ectrical machinery (see their Table 2) are relatively high in June. Assuning
a lag in the delivery/replacement process, this is consistent with our nodel.

The change in the tining of the nodel year induced by the N RA exani ned
above al so provides a natural experinent for exam ning spillovers fromthe auto

industry. Figure 4 presents nonthly seasonal patterns of output growth for iron
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and steel and total nanufacturing for the pre and post NI RA periods. The results
i ndicate that the pattern of seasonal output growh for iron and steel was
altered after 1935 -- output growh is lower in the first half of the year and
hi gher in the second half. The sane basic pattern energes for total
manuf acturing.? This figure indicates the inportance of autonobile retooling
on the timng of econom c activity throughout manufacturing.

V. Concl usi ons

The point of this paper has been to study the discrete choice involving the
repl acenent of obsol escent nmachines. Wien a single agent solves an intertenporal
optimi zation probl emwhich involves machi ne repl acenent, the solution displayed
endogenous (seasonal) cycles with procyclical Iabor productivity. In a
stochastic environnent, machine replacenent will occur near the end of econonic
downt urns since the opportunity cost of displaced production workers is |ess than
during good tines. Through the spillover effects of nachine replacenent on ot her
sectors, activity in other sectors wll be positively correlated with the
productivity of nmachines in the sector undertaking replacenment. Finally, in the
presence of strategic conplenentarities, nultiple producers will synchronize
machi ne replacement so that snoothing by aggregation will not occur. W also
presented evidence: (i) of significant nonthly output fluctuations due to machi ne
repl acenent in the autonobile industry, (ii) that these fluctuations matched sone
of the inportant seasonal fluctuations observed in manufacturing and (iii) that
| abor productivity is positively correlated with nonthly output in the autonobile
i ndustry.

A nunber of inportant issues renain. First, in our discussion of the
decentralized econony, we focus on the two dinensions of timng separately:
strategic interactions and the nature of the correlations in shocks to the
agents' payoffs. It would be quite useful to consider a nodel in which both of
these effects are present and then to attenpt to identify the relative inportance

of these two influences on the tinmng of discrete decisions. This could be

35



acconplished by merging the arguments in Cooper-Haltiwanger [1992a] and those
contained in Section Il of this paper with Bertol a-Cabal |l ero [ 1990].

A second, and nuch harder issue, concerns the relative inportance of the
effects considered here for business cycles. W have offered evidence that the
effects nmodel ed here are inportant for seasonal fluctuations. Further, both our
nodel and the evidence suggest potentially inportant |inks between the seasona
fluctuations generated by machine replacement and the stage of the business
cycle.?® One interesting way to evaluate the relative inportance would be to
produce a nmodel of machine repl acenment that was capabl e of generating tine series
along the lines of Kydland-Prescott [1982] and then to conpare the quantitative
predictions of this npdel wth those using exogenous shocks to generate
fluctuations in a convex environnent.

Third, there are sone aspects of the seasonal fluctuations in productivity
growth that are not well explained by our nbdel. First, there is no evidence
that productivity growh falls through the course of the npdel year. This is a
predi ction of our formal nodel, although an alternative version in which machine
repl acement is induced by obsol escence rather than depreciation is consistent
with constant productivity growh within the nodel year. Second, the pernmanent
i ncreases in productivity across the nodel years (productivity growth averages
2.4% annual |y across nodel years in the 1958-90 period) is not fully accounted
for by the increase in productivity in Septenber and Cctober. In fact, the
increase in productivity growmh in Septenber and Cctober essentially offsets the
prior decline in productivity growth in July and August. The across nodel year
increase in productivity is achieved throughout the course of the nodel year
rather than abruptly at the time of nodel changeover. Wile these observations
are not consistent with the formal nodel, adding sone |earning by doing, as in
Peter Kl enow [1992], might account for this. Further, the across year changes
are mnuscule relative to the within year seasonal fluctuations; it may be
difficult to detect precisely the exact tinmng of the rather small increases in

productivity across nodel years.
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Finally, a conplete investigation of the basis for changing the retooling
period during the 1930s and its inplications for the seasonal pattern of
producti on would be quite interesting. In particular, why was the retooling
peri od changed and why did it require collective action? Further, how did the
change in the retooling period inmpact on the seasonal production pattern of other

i ndustries? Cooper-Haltiwanger [1992b] contains some analysis in this direction.
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TABLE 1

Nat ure and Sources of Production Volatility

R? for Seasonal

Regr essi on of :
PROD
PROD
SALES

Seasonal :

Var ( PROD)

Var ( PROD)

Var ( SALES)

0.21
0. 45
0.31

0.25

0. 66

0.12
0.15
0.23

0.35

0. 90

Pl ant

o

.62

.17
. 25
.09

.11

. 06

.17
.23
.09

.15

.34

Notes: The R® are based on regressions of the

nont hly dumm es. The seasonal

using the estimated
dummies. Plant 1 =
Dear born, Plant 4 =

Plant 7 = W xom

reported variable on 12

variance ratios are the respective ratios

seasonal coefficients fromthe regressions on seasonal
Bel videre, Plant 2 = Bowing Green, Plant 3
Li nden, Plant 5 = Lynch Road, Plant 6 = St.
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Table 2: Quarterly Seasonal /Busi ness Cycl e Coefficent

Creation and Destruction

Esti mates for Job

Vari abl e

QTR1

QTR2

QTR3

QTR4

QTRLXRECESSI ON

QTR2XxRECESSI ON

QTR3XRECESSI ON

QTR4XRECESSI ON

Hypot hesi s

Test s:
Al

coefficients on

QIR zero
Al

coefficients on

QIR equa

JOB

CREATI ON
5.1

(1.47)
5.0

(1.41)
3.6

(1.41)
17.9

(1.41)
-1.0

(2.94)
4.6

(2.91)
4.7

(2.91)
-0.4

(2.91)

0. 0001

0. 0001

Aut os

JOoB

DESTRUCTI ON
4.3

(1.79)
3.1

(1.72)
14.7

(1.72)
2.7

(1.72)
14.8

(3.57)
11.9

(3.54)
7.6

(3.54)
7.1

(3.54)

0. 0001

0. 0001

42

Tot a
JOB

CREATI ON

5.4

(0. 31)
5.5

(0. 30)
5.9

(0. 30)
5.4

(0. 30)
1.5

(0. 59)
-0.2

(0. 59)
-0.5

(0. 59)
-0.7

(0. 59)

0. 0001

0. 6349

Manuf act uri ng

JOB

DESTRUCTI ON

6.2

(0. 43)
4.4

(0. 41)
4.4

(0. 41)
5.1

(0. 41)
2.5

(0. 81)
3.0

(0. 80)
1.7

(0. 80)
2.2

(0. 80)

0. 0001

0. 015



Al | 0.276 0. 0001 0. 0995 0. 0001
coefficients on
QI'R* RECESSI ON

zero

Al | 0. 344 0. 375 0. 505 0.742
coefficients on
QIrR* RECESSI ON

equa

Notes: The sanple period for autos is 1972:2 to 1988:4. The sanple period
for total manufacturing is 1972:2 to 1986:4. Standard Errors in
par ent heses. Reported statistics for hypothesis tests are the margina

significance levels fromrel evant F-tests.
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GROWTH RATE

GROWTH RATE

FIGURE 4
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Zhu for hel pful discussions at the start of this project, Suzanne Cooper for sone
of the data, Ana Aizcorbe, John Canpbell, Steven Durlauf, Anil Kashyap, Rody
Manuel I'i, Andrei Shleifer, David WIcox and two anonynous referees for hel pful
conments and the National Science Foundation for financial support. Seni nar
participants at the July 1990 NBER Economi c Fl uctuati ons Conference, the Board
of Governors of the Federal Reserve, Carleton University, Colunbia University,
I ndi ana University, the M nneapolis Federal Reserve Bank, MT, the 1990 neeting
of SITE at Stanford University and the Universities of Illinois, Toronto and
Western Ontario provided hel pful questions and di scussion as well. Part of this
research was conpleted while Cooper was a Visiting Scholar at the Board of
Governors of the Federal Reserve System and we are grateful to that institution
for its support.

1. As argued in Robert Barsky and Jeffrey Mron [1989] and
Joseph Beaul i eu and Jeffrey Mron [1991], one can | earn about

busi ness cycles through the study of seasonal fluctuations.
Further, as argued bel ow, our seasonal cycles are dependent on
the stage of the business cycle. Finally, to the extent that
sone costs of adjustnent are non-convex, our nodel can be applied
to a study of nore general investnent decisions.

2. This point is discussed in Cooper-Haltiwanger [1992a] and
Kevi n Murphy, Andre Shleifer and Robert Vishny [1989]. In sone
sense, the fluctuations induced by non-convexities are simlar to
t hose produced in nodels of non-linearities in that for both
types of nodels optimal choices can be very sensitive to
variations in the underlying environment. Shleifer [1986]

anal yzes a nodel of cycles driven by the synchronized
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i ntroduction of new innovations.

3. The issue of replacenent investnent has received sone
attention, see, for e.g., Martin Feldstein and M chael Rothschild
[1974] and Steven Nickell [1975]. The Fel dstein-Rothschild

anal ysis was mainly to understand the determ nants of replacenent
i nvestnment and, in particular, to point out that conditions under
whi ch a constant replacenent rate is optinal are quite
restrictive. Using their term nol ogy, our replacenent entails

scrapping capital due to deterioration. |In cases, considered

bel ow, where replacenent allows the firmto introduce a nore
productive vintage, then our nodel is also about depreciation due
to technol ogi cal obsol escence. Nickell focuses on issues of

mai nt enance and the optimal tinme to scrap a nmachine. Relative to
t hese papers and others in the literature, we focus on | unpy

repl acenent processes and on the inplications of replacenent for
activities in other sectors of the econony.

4. Thus the paper differs fromthose in the large literature on
convex costs of adjustnent by assumi ng that replacenent is a
lunpy activity. See the interesting argunents for non-convex
costs of adjustnment in Rothschild [1971].

5. An alternative specification, explored in Cooper-Haltiwanger
[1990b], allowed for a labor input into the replacenent process
instead of the effect of replacenent on the production function
specified here. The main results of the replacenent cycle held

in the alternative nodel though, when there is no effect of
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repl acenent on | abor productivity, total enploynent could be

hi gher during repl acenent peri ods.

6. W are grateful to Marc Dudey for hel pful discussions on this
proposi tion.

7. The inplied intertenporal substitution of machine replacenent
during slunps is simlar to the reallocation timng argunents in
Steve Davis and John Hal tiwanger [1990] and the shake-out

mechani snms di scussed in Aivier Blanchard and Peter D anond

[ 1990] and Robert Hall [1991]. Ricardo Caballero and Mohamrad
Hammour [1991] al so analyze the rel ati onshi p between recessions
and periods of reorganization. Essentially, these theories

t oget her suggest that business cycle slunps are tines in which
the econony takes a "pit stop” in order to retool, reallocate,
and restructure.

8. This assunption is not crucial but sinplifies matters so that
we need not solve a static |abor supply and an intertenporal
optim zation problemjointly. The main point of this section,

t hat upon replacenent the relative price of the nonopolist's good
will fall and stinulate production in other sectors, should
generalize to a setting wth conpetitive agents living nore than
a single period.

9. Table 8 of Beaulieu-Mron reports the seasonal pattern of
gromh rates in prices for, anong other sectors, transportation
equi pnment. There is no evidence here that prices rise through

the nodel year. See the discussion in divier Blanchard and

50



Angel o Mellino [1986] concerning difficulties in estimating a
price equation for the autonpbile sector.

10. The quantity predictions are an inportant aspect of this
nmodel given the observed co-novenents in output and enpl oynent
descri bed by Beaulieu-Mron [1991] and Cooper-Hal ti wanger
[1990a]. See also the discussion in Fine [1963] about upstream
I i nkages of the autonobile industry and the resulting
fluctuations caused by retooling.

11. Cooper-Haltiwanger [1990b] provides a broader discussion of
macr oeconom ¢ exanples for which this proposition holds in a
machi ne repl acenent setting.

12. These data have been collected and tabulated from Ward's
Aut onoti ve Reports and Ward' s Autonotive Yearbook. The data are
avai | abl e upon request. Note that the sanple period varies
across plants. This is because one of the criteria for the

pl ants selected for analysis is that they are sol e producers of a
particular nodel. This facilitates |inking the variables from
Ward's. Sone of the data in Ward's are avail able by pl ant
(shifts, days, days retooling, |inespeed) while others are
avai |l abl e by nodel (production, sales).

13. Note that by sales here we nean final sales (not shipnents
to deal ers).

14. The nunber of cars produced per shift depends on the |ine
speed and the nunber of hours that a |line operates during a

shift.
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15. Though it is possible that periods of retooling include

shut downs for the purpose of inventory adjustnent as well. As we
argued in Ill, shutdown and startup costs provide an incentive to
bunch shutdowns for retooling with shutdowns for other purposes
(e.g., inventory adjustnent). Wiile the data fromWrd' s clearly
i ndicates the length of shutdown due to retooling we suspect that
in periods of slow demand plants nay report that they are down
for retooling for longer than is necessary for the actual
retooling process.

16. Plots for all seven plants are available in the | onger
wor ki ng paper version of this paper, Cooper and Hal tiwanger

[ 1990b]. The patterns we discuss for Linden and Dearborn hol d
for all seven plants. In Figure 1, PROD™is generated by fixing
(1), (ii) and (iv) in the above deconposition at their respective
nmeans.

17. The summer slowdown in production observed in these plots is
consistent wwth the seasonality in manufacturing production
reported by Beaulieu and Mron [1991]. CQur findings here suggest
that at |east part of the pervasive summer slowdown is due to
machi ne repl acenent/retooling effects.

18. The change in GM s production policy as well as the
retooling process is described in sone detail by Sloan [1964].

19. For the January 1923 to Decenber 1939, the output series is
mont hly auto production (not seasonally adjusted) from Ward's

Aut onpti ve Year book and Autonptive Facts and Fi qures. The
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enpl oynent (total hours) series cones fromM Ada Beny [1936] and
R Sayre [1940]. The output data for the period from January
1958 to July 1990 is fromthe industrial production index for
passenger cars and trucks (industry #3711) and the total hours
data is fromthe BLS establishnment survey for the sane industry
group.

20. The null hypothesis that all the NIRA interaction
coefficients are zero is rejected at the 1% | evel for both the
productivity and output growth equati ons.

21. The hypothesis that the seasonal pattern of growh rates is
the same in the late 1930s and the post WW I period is rejected
at the 0.001 level. This is not surprising given the observed
one nonth phase shift of the changeover period. The point we
want to enphasize is that the qualitative seasonal pattern that
began with the NIRA intervention persists through the present.
22. Ben Bernanke and Martin Parkinson [1991] attenpt to

di stinguish two effects relevant here, increasing returns and

| abor hoarding. They find sonme support for the | abor hoarding
hypot hesis as well as sone evidence in favor of increasing
returns (see the coefficient estimates in their Table 3). R
Anton Braun and Charles Evans [1991] find evidence of both

i ncreasing returns and | abor hoarding in their investigation of
quarterly, non-seasonally adjusted, U S. data.

23. The idea that the seasonal cycle varies systematically with

t he busi ness cycle has al so been recently investigated by Eric
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Chysel s [1991] and Stephen Cechetti, Kashyap and Wl cox [1992].
In particular, the latter finds that seasonals are nore
pronounced in downturns which is simlar to the results reported
here.

24. The null hypothesis that all the NIRA interaction
coefficients are zero is rejected at the 5% | evel for total

manuf acturing and 10% 1| evel for iron and steel. For the latter,
the nont hs of August and January have significant interaction.
25. Additional recent papers that exam ne related issues include
Satyajit Chatterjee and B. Ravi kumar [1992] and Braun and Evans
[1991] .
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